Abstract: Aphelenchoides macrospica n. sp. is described and illustrated from the West Azerbayjan province, northwestern Iran. The new species is characterized by its body length of 807 to 963 mm (males) and 792 to 1,094 mm (females), offset cephalic region, lateral fields with four incisures, long stylet with 15 to 16 mm length, and excretory pore situated opposite or behind the nerve ring. Pharyngeal glands overlapping intestine dorsally and extending for 90 to 121 mm, tail terminus mucronate in both sexes. Vagina directed anteriad, and spicules are relatively large (27-32 mm) with well-developed broadly rounded apex and condylus. The new species comes close to seven known species of the genus namely A. arcticus, A. blastophthorus, A. haguei, A. huntensis, A. lucknowensis, A. parasaprophilus, and A. xui, but it differs from them by the body size, stylet length, size of spicules, and length of postvulval uterine sac. The results of phylogenetic analyses based on sequences of D2-D3 expansion region of 28S and 18S rDNA, confirmed its status as a new species.
Aphelenchoides Fischer, 1894, is a highly diverse genus of the superfamily Aphelenchoididea Skarbilovich, 1947 , with more than 153 nominal species that are morphologically very similar to each other (Hunt, 2008) . Aphelenchoides spp. have a wide distribution and common habitats include soil, moss, insect frass, figs, decaying fruit, etc. Although most species of Aphelenchoides are fungivores (Kanzaki and Giblin-Davis, 2012) , 13 species have been reported as plant parasitic in a wide variety of plants (S anchez-Monge et al., 2015) . The major plantparasitic species, including A. besseyi Christie, 1942 , A. fragariae (Ritzema Bos, 1890 Christie, 1932, and A. ritzemabosi (Schwartz, 1911) Steiner and Buhrer, 1932 , have been extensively studied due to their economic impact and yield losses. Among them, A. besseyi is listed within the top 10 plant-parasitic nematodes (PPN) (Jones et al., 2013) . Based on our current knowledge, the occurrence of Aphelenchoides species in Iran is well known, including 34 species till date (Ghaderi et al., 2012; Esmaeili et al., 2016a Esmaeili et al., , 2016b Golhasan et al., 2016) . Recently, three new species of the genus, A. huntensis Esmaeili, Fang, Li, and Heydari, 2016, A. fuchsi Esmaeili, Heydari, Ziaie, and Gu, 2016 , associated with pine trees and A. iranicus Golhasan, Heydari, Alvarez-Ortega, Esmaeili, Castillo, and Palomares-Rius, 2016 , associated with oak trees have described for the first time from Iran.
In a general nematological survey in natural and cultivated areas of northwestern Iran during 2013-14, an unknown population of Aphelenchoides from Naqadeh city, northwestern Iran, was recovered from soil samples collected around the rhizosphere of rose plants. Infestations ranged from 1 to 10 nematodes/ 400 gram of soil. The population morphologically and molecularly did not match any of the species of the genus so far described. The species is illustrated and described herein as Aphelenchoides macrospica n. sp.
The objectives of the present study were: (i) to verify the taxonomic status of this species; and (ii) to determine the molecular phylogenetic affinities of A. macrospica n. sp. with closely related species using rRNA gene sequences (partial 28S and 18S ribosomal DNA).
MATERIALS AND METHODS

Sampling, extraction, mounting, and drawing
Soil samples were randomly collected from some natural and cultivated areas of West Azerbayjan province during September 2013 to May 2014. The nematodes were extracted by sieving and centrifugation flotation (Jenkins, 1964) and tray (Whitehead and Hemming, 1965) methods. Nematodes of interest were handpicked, killed, fixed, and transferred to anhydrous glycerin using the method proposed by De Grisse (1969) . The permanent slides were prepared and studied by a light microscope (Nikon E200). Drawings and measurements were made using a drawing tube attached to the microscope. Photographs were taken by a digital camera system connected to the same microscope. DNA extraction, PCR, and sequencing For DNA extraction, an adult nematode was handpicked and placed in a small drop of AE buffer (10 mM Tris-Cl, 0.5 mM EDTA; pH 9.0, Qiagen) on a clean slide and crushed using a sterilized razor blade. The obtained suspension was collected by adding 20 ml AE buffer and 2 ml proteinase K (600 mg/ml) (Promega, Benelux, The Netherlands). The tubes were incubated at 658C (1 h), then at 958C (15 min), and finally at 808C (15 min). One ml of extracted DNA was transferred to an Eppendorf tube containing: 2.5 ml 10 3 NH 4 reaction buffer, 0.75 ml MgCl 2 (50 mM), 0.25 ml dNTPs mixture (10 mM each), 0.75 ml of each primer (10 mM), 0.2 ml BIOTAQ DNA Polymerase (BIOLINE, UK), and ddH 2 O to a final volume of 25 ml. The D2/D3 domain region of LSU was amplified with the forward primer D2A (59-ACA AGT ACC GTG AGG GAA AGT TG-39) and the reverse primer D3B (59-TCG GAA GGA ACC AGC TAC TA-39) (Nunn, 1992) . For the first fragment of 18S, the forward primer 1096F (59-GGT AAT TCT GGA GCT AAT AC-39) was used in combination with the reverse primer 1912R (59-TTT ACG GTC AGA ACT AGG G-39) and the second fragment was amplified with forward primer 1813F (59-CTG CGT GAG AGG TGA AAT-39) and reverse primer 2646R (59-GCT ACC TTG TTA CGA CTT TT-39) (Holterman et al., 2006) . PCR cycle conditions were as follows: one cycle of 948C for 2 min, followed by 35 cycles of 948C for 30 s, annealing temperature of 558C for 45 s, 728C for 3 min, and finally one cycle of 728C for 10 min. PCR products were purified after amplification using ExoSAP-IT (Affmetrix, USB products) and sequenced directly for both strands using the same primers with an ABI 3730XL sequencer (Macrogen Macrogen Corporation, South Korea).
DNA sequencing alignment and phylogenetic inference
Multiple sequence alignments of D2-D3 of 28S and partial 18S rDNA sequences were made using MUSCLE (Edgard, 2004) followed by postalignment trimming with G-Blocks as implemented in SeaView Version 4 (Gouy et al., 2010) . Bayesian phylogenetic analysis was carried out in MrBayes v. 3.2.1 (Ronquist and Huelsenbeck, 2003) using the GTR + I + G model as selected by the Akaike information criterion using MEGA7 (Kumar et al., 2016) . Analyses were run under default settings for 3 3 10 6 generations, 25% of the converged runs were regarded as burnin. Markov Chain Monte Carlo methods within a Bayesian framework was used to estimate the posterior probabilities of the phylogenetic trees (Larget and Simon, 1999) using 50% majority rule. The clades of the resulted trees were numerated according to Kanzaki and Giblin-Davis (2012) .
RESULTS
Aphelenchoides macrospica * n. sp. (Figs. 1-6 ) Measurements See Table 1 . Description Males: Body slender, J-shaped when heat-relaxed. Cuticle with fine transverse annulations about 1.2 to 1.5 mm apart at midbody. Lateral field marked by four incisures (i.e., three ridges), not areolate. Lip region hemispherical and annulated, 3 to 4 mm, set off by a shallow constriction from remainder of body. Stylet relatively robust with clear basal swellings, conus occupying ca 38% to 48% of its total length. Procorpus cylindrical, ca 3.5 stylet length long. Metacorpus (median bulb) rounded to oval, conspicuous valve plates situated centrally. Dorsal pharyngeal gland orifice opening into lumen of metacorpus midway between anterior end of metacorpal valve and anterior end of metacorpus. Pharyngo-intestinal junction immediately posterior to base of metacorpus. Nerve ring is situated at ca half stylet length posterior to metacorpus. Pharyngeal gland lobe slender, ca three to four body diam. long, overlapping intestine dorsally. Excretory pore located at 15 to 25 mm posterior to the base of median bulb; hemizonid invisible. Testis single, anteriorly outstretched, locating left of intestine, spermatocytes in one single column. Vas deferens composed of small rounded cells. Spicules paired and very robust, rosethorn-shaped with prominent and broadly rounded condylus; rostrum short, moderately developed with blunt tip and less developed than condylus. Dorsal and ventral limb of spicule with 38 to 45 mm and 18 to 22 mm long, respectively, arc line from distal to proximal end 27 to 32 mm long. Capitulum 11 to 14 mm long with slightly depression. Bursa and gubernaculum absent. No single precloacal papilla (P1) observed. Three pairs of subventral caudal papillae present with their arrangement as follows: first pair located just posterior to cloacal aperture (P2), second pair postcloacal subventral papillae (P3) located at about 59% of tail, the last pair postcloacal papillae just anterior to tail end (P4). Tail conoid, slightly ventrally arcuate, three times anal body diam. Tail terminus with a simple mucron.
Females: Body cylindrical, habitus straight to slightly curved when heat killed. Cuticle and anterior body region similar to male. Reproductive tract consisting of ovary, oviduct, spermatheca, crustaformeria, uterus, vagina + vulva, and postvulval uterine sac (PUS). Ovary is outstretched anteriorly, developing oocytes in single row. Oviduct, visible in few specimens, comprising two cells and connected with spermatheca, a sac ca one vulval body diam. long, formed by small rounded cells, 2 to 3 mm in diameter. Containing sperm cells in some individuals; Crustaformeria not clearly differentiated from other parts of genital tube. Uterus roundish, with thick wall. Vagina sloping anteriorly, with one pair oval sclerotizations as it joins the uterus. Vulva a simple slit in ventral view, without vulval flap. PUS occupying 19% to 30% of distance from vulva to anus and ca 1.6 times the corresponding body diam. long, often containing sperm. Rectum and anus visible. Tail conoid, slightly ventrally arcuate, 3.4 times anal body diam., tail terminus varied from bearing a simple mucro to a short trunk bearing one or two unequal processes.
Intersex: Rare, resembling female in body shape and size, but with certain secondary male characters. Body slender, J-shaped or C-shaped after heat fixation. Cuticle and anterior body region similar to females and males. Reproductive systems of both sexes were observed in single nematodes; ovary outstretched with oocytes in single file; conspicuous spermatheca filled with round sperm cells. Vulval flap absent, vagina sloping anteriorly, with one pair of oval sclerotizations as it joins the uterus. Postuterine sac well developed. Testis anteriorly outstretched, locating left of intestine, spermatocytes in one single column. Gonads slightly less developed especially for the male gonad. Tail resembling in shape more the male. Form of head, stylet, esophagus, number of incisures in lateral field, position of nerve ring, excretory pore, spicule, and position of caudal papillae as those of females and males. 
DIAGNOSIS AND RELATIONSHIPS
Aphelenchoides macrospica n. sp. is characterized by its body lengths of 729 to 1,094 mm (females) and 807 to 963 mm (males). Cephalic region slightly offset, four lines in lateral field. The robust stylet with 15 to 16 mm long and clear basal swellings; posteriorly position of the excretory pore related to the base of metacorpus. The male has a long spicule (dorsal limb 38 to 45 mm long), with broadly rounded apex and well-developed rounded condylus and rounded rostrum. Post-vulval uterine sac (PUS) occupying about one-fourth of distance from vulva to anus, and tail with mucronate terminus in both sexes.
According to grouping of Aphelenchoides species sensu Shahina (1996) , A. macrospica n. sp. is within Group 2: ''tail with one or sometimes two mucronate structure.'' Based on four lateral lines, tail terminus shape and spicule features, the new species is close to seven species from Group 2, i.e., A. Tandon and Singh, 1973 , A. parasaprophilus Sanwal, 1965 , and A. xui Wang, Wang, Gu, Wang, and Li, 2013 . Furthermore, some relationships were also detected with species of Group 4 sensu Shahina (1996) , such as A. parietinus (Bastian, 1865) Steiner, 1932, and A. gynotylurus Timm and Franklin, 1969 . The new species differs from A. arcticus by having slightly offset lip region vs. nonoffset, longer stylet (15-16 mm vs. 12-13 mm and mean = 15 mm vs. 12 mm in female and male, respectively), greater median bulb length (19-24 mm vs. 12.5-13.8 mm), greater spicule length (mean = 41 mm vs. 21 mm and 19.6 mm vs. 13 mm for dorsal and ventral limbs, respectively). From A. blastophthorus, it differs by having slightly shorter stylet (mean = 15.4 mm vs. 17 mm and 15.1 mm vs. 17.1 mm in female and male, respectively), longer spicule (dorsal limb = 41 mm vs. 28 mm), different spicule tip (smoothly rounded vs. hooked), shorter PUS (occupying 19%-30% of distance between vulva to anus vs. 50%). Compared to A. haguei, the new species has longer stylet (15-16 vs. 11.5-13 mm), vagina angled obliquely forward vs. at 908 to the body axis and longer spicule (dorsal limb = 38-45 mm vs. 16-25 mm). It can be distinguished from A. huntensis by longer body length (729-1,094 mm vs. 507-683 mm and 807-963 mm vs. 636-640 mm in female and male, respectively), longer stylet (15-16 mm vs. 9-10 mm) and slightly greater median bulb length (19-24 mm vs. 16-17 mm and 20-24 mm vs. 17-17.5 mm in female and male, respectively). The new species differs from A. lucknowensis by longer body length (729-1,094 mm vs. 560-700 mm and 807-963 mm vs. 550-650 mm in female and male, respectively), greater a-ratio (23.5-35 vs. 21-26), longer tail (3.2-3.8 times anal body diam. long vs. 2.5-3 anal body diam. long), and greater spicule length (dorsal limb = 38-45 mm vs. 18-24 mm). Aphelenchoides macrospica n. sp. also differs from A. parasaprophilus by having longer stylet (mean = 15.4 vs. 11.7 mm) and spicule (41 mm vs. 21 mm and 19.6 mm vs. 10 mm dorsal and ventral limbs, respectively). From A. xui, the new species can be distinguished by having longer body length (729-1,094 mm vs. 548-882 mm and 807-963 mm vs. 546-819 mm in female and male, respectively), longer stylet (15-16 mm vs. 11.1-13.2 mm), different spicule shape (dorsal limb with smoothly rounded tip vs. a hooked tip), slightly greater median bulb length (19-24 mm vs. 14.6-19 mm and 20-24 mm vs. 11.8-15.3 mm in female and male, respectively), and shorter PUS (40-60 mm vs. 68-132 mm). It differs from A. parietinus by having longer body length (mean = 900 mm vs. 450 mm), longer stylet (15-16 mm vs. 11-13 mm), and presence of male in population. It can be distinguished from A. gynotylurus by having longer body length (729-1,094 mm vs. 490-650 mm and 807-963 mm vs. 430-560 mm in female and male, respectively), greater spicule length (dorsal limb = 38-45 mm vs. 21-24 mm), and shape of the tail terminus (varied from simple mucron to a short trunk bearing one or two processes vs. swollen knob on the tip). It is also similar to Robustodorus megadorus (Allen, 1941) Andr assy, 2007, but it can be distinguished by having slightly shorter stylet (mean = 15.4 mm vs. 17 mm), number of incisures in lateral field (four vs. three lines), and female tail shape (mucronate tail terminus vs. without mucron).
Furthermore, due to molecular analysis, the new species should be compared with A. fragariae and A. saprophilus Franklin, 1957, as 
MOLECULAR PHYLOGENETIC STATUS
Amplification of D2/D3 expansion segment of 28S rDNA and the partial 18S rDNA from A. macrospica n. sp. yielded in PCR products of ca 641 and 774 bp, respectively. The dataset for partial LSU rDNA phylogenetic tree was composed of 851 total characters from which 530 characters were variable and for partial 18S rDNA phylogenetic tree was composed of 1,660 total characters from which 787 characters were variable. The average nucleotide composition of dataset was as follows: 24% A, 19.4% C, 29.4% G, and 27.2% T for According to our molecular analysis for D2/D3 28S rDNA, A. macrospica n. sp. was clustered in a clade with posterior probability (PP = 99) comprising A. fragariae (AB368540 and KT692710), Aphelenchoides sp. (KU738610 and KT692709), A. varicaudatus (HQ283353) and A. xui (FJ643488). However, A. macospica n. sp. is morphologically clearly different from the known species of the clade. Although there were no morphological data for FIG. 5 . Bayesian tree inferred from LSU gene DNA sequences. Posterior probabilities exceeding 50% are given on appropriate clades. Nematode species and GenBank accession numbers are listed for each taxon.
Aphelenchoides sp. (KU738610 and KT692709), a separate alignment between these species and the new species showed a major difference, i.e., 92 (16%) and 139 (21%) nucleotide differences based on 564 and 656 nucleotides, respectively. The new species in the phylogenetic tree inferred from partial 18S rDNA gene was clustered in a clade with maximal support with A. huntensis (KR864863), A. saprophilus (KT884899), Aphelenchoides sp. (JQ957884, JQ957885, FJ040411, and AY284647), A. fragariae (AJ966475), (AY284645 and EU325681), and Aprutides guidetti (KJ636424). The new species has been easily distinguishable from the known species of the genus from this clade, i.e., A. huntensis, A. saprophilus, and A. fragariae as discussed earlier, but there were not any special morphological data for the rest members of the clade, i.e., Aphelenchoides sp. (JQ957884, JQ957885, FIG. 6 . Bayesian tree inferred from SSU gene DNA sequences. Posterior probabilities exceeding 50% are given on appropriate clades. Nematode species and GenBank accession numbers are listed for each taxon. FJ040411, and AY284647). However, a separated alignment and nucleotide comparison of these species with the new species indicated that A. macrospica n. sp. is a unique species for the genus with 38 (5%) of 777 (Aphelenchoides sp. JQ957884), 53 (7%) of 777 (Aphelenchoides sp. JQ957885), 42 (5%) of 777 (Aphelenchoides sp. FJ040411), and 45 (6%) of 780 (Aphelenchoides sp. AY284647) nucleotide differences. Molecular profiles and phylogenetic analyses by using the two molecular markers of D2/D3 expansion segment of 28S rDNA and partial 18S revealed that the new species belongs to Aphelenchoides, and strongly supports the status of A. macrospica n. sp. as a new species. The new species can be clearly separated from all other sequenced Aphelenchoides spp.
DISCUSSION
Occurrence of intersexes in nematode life cycle are just known in relatively few genera. An intersex is an individual which exhibits a blending of male and female characters. Intersexes in nematodes have been observed most frequently in the insect parasitizing mermithids, where they occur normally (Hirschmann and Sasser, 1955) , but in PPN turn out to be rare and there are some published reports of intersexes; Chitwood (1949) reported intersexual specimens in Meloidogyne javanica and Hirschmann and Sasser (1955) observed intersexuality in the genera Ditylenchus. Bajaj (1987) also observed intersexes in Paratylenchus obtusicaudatus Raski, 1975 . Intersexuality was also observed in Aphelenchoides composticola Franklin, 1957 (Zhuo et al., 2009 .
The family Aphelenchoididae has been divided into four clades based on LSU and SSU rDNA genes by Kanzaki and Giblin-Davis (2012) . The topology of the inferred trees from these genes in the present study is in general agreement with that study except for some minor differences. Although three accessions of the genera Seinura, i.e., S. demani (FJ969140), Seinura sp. (AY284651, KU991832) are clustered together in a maximal support in clade 3 based on SSU rDNA gene, surprisingly two other accessions of this genera including S. wuae (FJ235889) and S. lii (FJ235888) clustered in clade 4 next to Bursaphelenchus spp., which cannot be explained based on morphological data. Furthermore, Aprotides, the other genera of the subfamily Seinurinae that was not analyzed by Kanzaki and Giblin-Davis (2012) , was also included in SSU rDNA gene analyses in the present study. Interestingly, it forms a sister clade with the clade comprising the new species, A. saprophilus (KT884899) and A. huntensis (KR864863) among subclade 2a. The only common character among them is the position of excretory pore posteriorly. Few molecular data of the subfamily Seinurinae are available in the GenBank, but it can be predicted that the subfamily and species of the genera Seinura probably are not monophyletic and their classification may need to be revised. Based on partial LSU and SSU rDNA sequences, A. macrospica n. sp. is grouped with other genera of Aphelenchoidinae, i.e., Ficophagus Davies, Ye, Kanzaki, Bartholomaeus, Zeng, and Giblin-Davis, 2015 , Martininema Davies, Ye, Kanzaki, Bartholomaeus, Zeng, and Giblin-Davis, 2015 , Laimaphelenchus Fuchs, 1937 , and Schistonchus s.s. Davies, Ye, Kanzaki, Bartholomaeus, Zeng, and Giblin-Davis, 2015 , in clade 2. According to our molecular analysis, the members of the genus Aphelenchoides appears to be paraphyletic, a finding that agrees with previous studies (Zhao et al., 2008; Rybarczyk-Mydl À owska et al., 2012; Wang et al., 2013; Fang et al., 2014a Fang et al., , 2014b Miraeiz et al., 2015; Esmaeili et al., 2016a Esmaeili et al., , 2016b Golhasan et al., 2016) . Furthermore Aphelenchoides, Laimaphelenchus, and Schistonchus s. l cannot be clearly separated, possibly implying that all the genera share a recent common ancestor (Zeng et al., 2007) . More DNA sequences and morphological data will be necessary to revise the generic level and clarify their evolutionary relationships with other genera and within their species themselves.
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